Biological Variation of Serum Amyloid A in Healthy Subjects
To the Editor: Serum amyloid A (SAA) and C-reactive protein (CRP) are two commonly used acute-phase markers. Whereas data on the biological variability of CRP are widely available, no data are available for SAA. Here we report the results of a study to determine the biological variability of SAA; as a methodologic control, we also determined the biological variability for CRP. Five blood specimens were collected from each of 24 apparently healthy laboratory workers (12 men and 12 women; age range, 25-42 years) on the same day (a Wednesday) once a week over 5-week period. None of the women was pregnant or using oral contraceptives, and during the study, none of the subjects smoked, took any medication, or consumed substantial quantities of alcohol. The data from two male subjects were excluded from the statistical analysis for the following reasons: (a) one subject suddenly increased his physical activity in the third week of the study (i.e., intensive cycle training), which significantly increased his SAA (five times the baseline values); and (b) another subject became ill with the flu (a minor inflammatory process).
In accordance with the Helsinki II Declaration, the design and execution of the experiment were explained thoroughly to the subjects, and informed consent was obtained. Furthermore, the study was approved by the Ethics Committee of Azienda Ospedaliera Ospedale di Circolo (05/09/2000).
Blood was collected under standardized conditions to minimize sources of preanalytic variation. After an overnight fast, a blood specimen was taken by conventional venipuncture between 0800 and 0900 with the volunteers in the sitting position, avoiding venous stasis. All samples were drawn by the same phlebotomist, allowed to clot, and then centrifuged at 3000g for 15 min at room temperature within 1 h of collection. Sera were separated and stored at Ϫ70°C until analysis. At the end of the 5 weeks, all frozen samples were thawed, mixed, and centrifuged for analysis in a single run in duplicate. SAA concentrations were determined by a latex-enhanced nephelometric immunoassay (N Latex SAA; Dade Behring Diagnostic) (1 ), and CRP concentrations were determined by a nephelometric technique (N High Sensitivity CRP; Dade Behring Diagnostic) (2 ) . Both assays were performed on a Dade Behring Nephelometer II (BN II; Dade Behring Diagnostic) by the same analyst, according to the recommendations of the manufacturer.
After exclusion of outliers and logarithmic transformation of the data (required by the skewed distributions of CRP and SAA data), nested ANOVA was applied and the analytical (CV A ), within-subject (CV I ), and between-subject (CV G ) components were calculated (3 ). In particular, we estimated (a) the index of individuality (CV I /CV G ), which yields information about the utility of conventional population-based reference intervals; (b) the critical difference [2.77(CV A 2 ϩ CV I 2 ) 1/2 ], i.e., the minimal significant difference (P Ͻ0.05) between consecutive measurements of the marker in the same patient. Desirable quality specifications for imprecision (I), bias (B), and total error (TE), calculated using the formulas I Ͻ 0.5CV I , B Ͻ 0.25(CV I 2 ϩ CV G 2 ) 1/2 , and TE Ͻ 1.65I ϩ B (␣ Ͻ0.05), were also evaluated ( Table 1) (3 ).
The data for CRP (CV A ϭ 4.3%; CV I ϭ 32%; CV G ϭ 98%) were comparable to those in the literature (4 ), thus confirming the reliability of the methodology.
The means and the intraindividual variances of SAA did not differ significantly between sexes, indicating that sex-partitioned reference values are not required for this protein. The desirable analytical imprecision for SAA, taken to be Յ0.5 CV I , was 4%. Thus, in this limited assessment, the intrabatch imprecision (CV A ) of the BN II assay met this goal for the determination (2 ) . The index of individuality was Ͻ0.6, indicating that conventional population-based reference values are of very limited value in the detection of unusual results for a particular individual (3 ) . The value for the critical difference (69.6%) suggests that relatively large differences between the results of sequential specimens would be required for them to be significantly different.
To examine the classification accuracy of serial SAA samples within the reference interval, the values of SAA and CRP were divided into tertiles, given the small number of subjects of this study, using the first determination. For SAA, 18 of 22 (82%) of the second results were in the same tertile as the first results, and 19 of 22 (86%) of the third, fourth, and fifth results were also in the same tertile. For CRP, tertile agreement with the first measurement was observed for 20 of 22 (91%) results of the second measurement, (5 ) . For SAA, the k value was 0.818 between the first and second measurements, whereas between the first and third, the first and fourth, and the first and fifth measurements, the k value was always 0.863. For CRP, the k values were 0.912, 0.818, 0.912, and 0.863 between the first and second, the first and third, the first and fourth, and the first and fifth measurements, respectively. Thus, the variability of repeat SAA measurements was comparable to that for CRP. Our data show that from the standpoint of analytical and biological variation, there is little to choose between SAA and CRP as markers for acute-phase response. Therefore, selection of the best test could be based on of other practicability characteristics and clinical performance.
